We report the first direct observation and high precision measurement of the triplet to singlet transition between the metastable states of helium. We obtain a precision of 8×10 − 12, providing a stringent test of two-electron quantum electrodynamic theory and of nuclear few-body theory. We use either the 
Introduction
Precision spectroscopy of simple atomic systems has refined our understanding of the fundamental laws of quantum physics. In particular, helium spectroscopy has played a crucial role to describe two-electron interactions, to determine the fine-structure constant and to extract the size of the helium nucleus. We present the first measurement of the doubly-forbidden 1557-nm transition connecting the two metastable states of helium, for which quantum electrodynamic and nuclear size effects are very strong. This transition has previously never been observed; it is fourteen orders of magnitude weaker than the most predominantly measured transition in helium.
2.Experiment
In our experiment, we cool and trap metastable helium in the triplet state using standard laser cooling techniques. The atoms are transferred to a magnetic trap, evaporatively cooled and then transferred to a dipole trap, formed by a pair of intersecting, focused laser beams at 1557 nm. The relevant part of the level structure of helium is displayed in figure 1. The 1557 nm is red detuned from the are created, they leave the trap. From the same laser, we derive a further 'excitation' beam, which is frequency shifted by 40 MHz, that we use for spectroscopy. We then scan the laser frequency, and when the excitation beam is close to resonance with the inter-combination line, we observe a strong trap loss, as indicated in figure 2 . The observed width of the transition is due to the long-term line-width of the 1557 laser. The absolute frequency of this laser is calibrated by measuring the beat frequency with one of the comb modes of a frequency comb laser. This frequency comb is referenced to a GPS stabilised Rb atomic clock.
3.Systematic shifts
Several systematic shifts appear in our measurement, the most important of which is the Zeeman shift, as the 3S atoms are in the weak field seeking m=+1 state, and the 1S atoms have no angular momentum. We determine this Zeeman shift by applying an RF pulse close to resonance with the transition to the m=0 state. We then separate the magnetic states in a Stern-Gerlach experiment and measure the populations in these states. We determine the frequency for optimal transfer efficiency, which is equal to the Zeeman shift.
The next systematic shift is the AC-Stark shift, which is also responsible for trapping the triplet and antitrapping the singlet atoms. We perform the experiment for a range of 1557 nm laser intensities, and extrapolate to zero intensity to obtain the field-free frequency. Further systematic shifts include the recoil shift, and in case of 4 He, a mean field shift. The latter is determined by performing the experiment with a range of atom numbers in the trap. In case of 3 He, a significant hyperfine shift needs to be taken into account as well as the isotope shift.
Results
A summary of our results is shown in Fig. 3 . Our results give a transition frequency of 192 510 702 145.6(1.8) kHz, which is in agreement with the difference in ionisation energies of the two metastable states as measured in reference [1], but two orders of magnitude more accurate.
Our measured isotope shift is 8 034 367.2(2.3) kHz, which can be compared to the theoretical isotope shift assuming point-like nuclei, which can be calculated with extreme accuracy to be 8 034 148.6(7) kHz. The 218.6 kHz difference can be attributed to the difference in charge radius of the (left) and 3He (right) 
